.The past ten years have seen the emergency of numerous attempts to build hardware implementation of simple quantum algorithms. For instance, implementations of the Deutsch-Josza algorithm [ 11 have been carried out using NMR, molecular sates and ion traps. In 2000, Takeuchi [2] also realized a free space optical implementation of this algorithm in the two qubits case. The major drawback of his scheme was that the space requirement (the number of optical paths) and the complexity (the number of optical elements) grow exponenrially with the number n of qubits.
NMR, molecular sates and ion traps. In 2000, Takeuchi [2] also realized a free space optical implementation of this algorithm in the two qubits case. The major drawback of his scheme was that the space requirement (the number of optical paths) and the complexity (the number of optical elements) grow exponenrially with the number n of qubits.
In contrast, the fiber optical scheme that we report in this communication needs only a number of optical elements growing linearly with n . This improvement is achieved by using multiple time bins instead of multiple paths (see [2] )
to realize the quantum parallelism and permits the number of qubits to be increased. Figure 1 describes the experimental set-up for n = 3 . An attenuated 3 ns optical pulse at 1.55 pm generated by a laser diode (L.D.) is sent into an optical fiber (SMF-28). The pulse propagates through three unbalanced Mach-Zehnder interferometers c,c2 , c3c4 and cjc6 (the ci are 50/50 directional couplers). The optical delays between the long and the short arms are chosen to satisfy A, = A2 / 2 = A3 I 4 = 15 ns . The isolators 1, and I2 do not allow the photons to pass trough Aj and A4 when travelling towards the mirror. As a result, the photon wave function is converted into a coherent superposition of eight equally spaced time bins. This is equivalent to a Hadamard transformation if one interprets each time bin as one of the eight computational basis states 1 x) of the 3-qubits Hilbert space. The phase modulator (oracle) transforms the state into ~~( -) ' ( ' )~~) / 2~' * , where f is the balanced or constant function of the Deutsch problem. The pulses are then reflected by the mirror and interfere in the "Hadamard gate". Polarization controllers are placed in the long arm of the interferometer to optimize the interference pattern. IfA, 2 2Aj 2 4A, 2 60A,, the photon can reach the detector in one of 120 non-overlapping time bins. Eight of them are usefiil. They are monitored by the gated Geiger-mode singlephoton detector D (Gap Optique id 200) coupled to a time-to-digital converter. A photon falling in another time bin is lost. These losses are structural ones. They can be circumvented by replacing the couplers c 2 , c4 and c6 by fast and low loss optical switches that direct the pulses along the appropriate path. Such switches are not yet available commercially.
The algorithm was successfully tested with one, two and three qubits. In the eight dimensional case ( n = 3 ), the measured optical visibility of the interference was as large as 97.5% but the structural losses where too high to achieve a true single-photon regime. However this problem is a technical rather than a fundamental one, as pointed out above. In summary, we demonstrated a robust method for manipulating multidimensional quantum information encoded in time bins in optical fibers. We illustrated it by implementing the Deutsch-Josza algorithm, but it also applies to the Bernstein-Vazirani algorithm and, with slight modifications, to other quantum computation problems (such as the distributed Deutsch-Josza problem) and to multidimensional quantum cryptography. References: [ 
